Isoelectric focusing (IEF) profiles of pectate lyases (PLs) produced by five different groups of soft rot bacteria were analyzed by using the combined techniques of thin-layer polyacrylamide gel IEF and agarose-pectate overlay activity staining. Four strains of soft rot Erwinia spp. produced three or more PL isozymes. All of eight Pseudomonas viridiflava strains examined produced one single PL with a pl of 9.7. All 10 of Pseudomnotas fluorescens strains produced two PLs; the major one had a p1 of 10.0 and the minor one had a pl of 6.7. A single PL with a pl of -10.0 was detected in one strain each of Xanthomonas campestris and Cytophaga johnsonae. PLs of six representative strains were purified from culture supernatants by ammonium sulfate precipitation and anion-exchange chromatography. All purified PL samples macerated potato slices, but to different degrees. The Mrs of alkaline PLs produced by P. viridiflava, P. fluorescens, X. campestris, and C. johnsonae were estimated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis to be 42,000, 41,000, 41,500, and 35,000, respectively. IEF profiles of PLs were distinct among the bacterial species. Profiles of non-Erwinia spoilage bacteria were considerably simpler than those of Erwinia spp. The PL with an alkaline pl appeared to be the principal or the sole enzymatic factor involved in tissue maceration caused by most strains of soft rot bacteria. (27, 34, 36) , Pseililoilnotiias fliuor-escenis (or Pseiudoinlon1as inar-ginialis) (7, 9, 10, 23, 37) , Pseiuldoinzon)ais 51ridflaviai (10, 15) , Xcanthomonas calmpestris (17, 24), and Cvtop/haga johnisonsae (13, 16, 35) . The PL produced by Ertl'inia spp. has been studied extensively and is unique for its occurrence as multiple (-3) isozymic forms (12). In Erwinia chrysantlhemi for example, five PL isozymes with pIs ranging from 4.0 to 10.0 have been detected in most strains examined so far (2, 29, 34). Several studies indicate that alkaline PL (pl, -9.5) is more efficient than neutral or acidic PLs in inducing tissue disintegration or tissue maceration (1, 25, 30, 31, 33) and that alkaline PL by itself is sufficient to macerate potato tuber and other plant tissues (11, 25, 33) . The physiological basis for the production of more PLs than are required to macerate plant tissue by Erwiinia spp. is not understood. It has been suggested that some PL activities (or isozymes) may be required for other pathological functions such as recognition of the host (1, 33) and induction of disease resistance (5).
The ability of soft rot bacteria to cause vegetable spoilage results mainly from their ability to produce massive amounts of pectic enzymes. Pectate lyase (PL; EC 4.2.2.2), which cleaves polygalacturonates by 3-tri-ans-elimination, is believed to be the principal enzyme responsible for tissue maceration, electrolyte loss, and cell death (22) . Activities of PL have been detected previously in culture supernatants of diverse groups of soft rot bacteria (20) , including Erw'inia spp. (27, 34, 36) , Pseililoilnotiias fliuor-escenis (or Pseiudoinlon1as inar-ginialis) (7, 9, 10, 23, 37) , Pseiuldoinzon)ais 51ridflaviai (10, 15) , Xcanthomonas calmpestris (17, 24) , and Cvtop/haga johnisonsae (13, 16, 35) . The PL produced by Ertl'inia spp. has been studied extensively and is unique for its occurrence as multiple (-3) isozymic forms (12) . In Erwinia chrysantlhemi for example, five PL isozymes with pIs ranging from 4.0 to 10 .0 have been detected in most strains examined so far (2, 29, 34) . Several studies indicate that alkaline PL (pl, -9.5) is more efficient than neutral or acidic PLs in inducing tissue disintegration or tissue maceration (1, 25, 30, 31, 33) and that alkaline PL by itself is sufficient to macerate potato tuber and other plant tissues (11, 25, 33) . The physiological basis for the production of more PLs than are required to macerate plant tissue by Erwiinia spp. is not understood. It has been suggested that some PL activities (or isozymes) may be required for other pathological functions such as recognition of the host (1, 33) and induction of disease resistance (5) .
At present, little is known about the enzymatic mechanism which controls the soft rot pathogenicity of non-Erwiinia spoilage bacteria. Two recent studies (15, 32) suggest that pectic enzyme systems of non-Erninia spoilage bacteria are not as complex as those demonstrated in Erwinia spp.
Schlemmer et al. (32) have shown that P. fliuorescens W51 produces a pectin lyase (pl, 9.4) that is required for maceration of plant tissue. Liao et al. (15) have isolated and purified a single PL (pl 9.7) from culture supernatants of P. iviridiflava SF312 and have shown that the bacterium became nonpathogenic when the gene encoding for PL synthesis or secretion was inactivated by Tn5 transposition. It remains to be determined whether the simple pectic enzyme system, as demonstrated in the two pseudomonads described above. represents a common feature of non-Er) winia soft rot bacteria.
The objectives of this study were (i) Assay of PL activity. PL activities were determined by a spectrophotometric method (37) . One unit of activity was defined as the amount of enzyme which produced an in- Thin-layer polyacrylamide gel IEF. lEF techniques were performed by the procedures described by Ried and Collmer (28, 29) . Thin-layer (1 mm) polyacrylamide gel plates (pH 3.5 to 9.5) containing a gel concentration of 5% and an Ampholine concentration of 2.4% were purchased from LKB/ Pharmacia Instruments (Piscataway, N.J.). The method of Guo and Bishop (8) (i) Erwinia spp. Two strains of E. carotoi'ora subsp. carotovora and one strain each of E. carotoi'ora subsp. atroseptica and E. chr'santhemi were examined. All four strains produced at least three PL isozymes (Fig. 1) . However, the PL profile of E. chiysanthemni differed greatly from that of E. carotovora subsp. atroseptica and E. carotoi'ora subsp. carotovora. E. chrysanthemi EC16 produced one basic (pl, 10.0), two neutral (pIs, 8.8 to 9.0), and one acidic (pl, 4.2) PLs. E. carotovolra subsp. carotovorla and E. carotovora subsp. atroseptica strains produced three PL isozymes, all of which had alkaline PIs (pl, -9.5). No differences in PL profiles were observed between E. caroto- v'ora subsp. at}roseptica and E. carotov'ora subsp. c ar-otovora strains. It should be noted that the acidic PL of E. chrvsantherni EC16 is not visible in Fig. 1 . This isozyme is produced in extremely small quantities (29) , and its migration in the IEF gel was interferred with by the enzyme sample that was retained at the application site (Fig. 1 ).
(ii) P. viridiflava. All of the eight P. viridiflai'a strains included in this study produced a single PL at nearly identical pIs (9.7) (Fig. 2A) . Neutral or acidic PLs were not detected even when a large quantity of enzyme sample (containing up to 1.6 U of PL activity) was applied (Fig. 2B) . The formation of bands with minor activity, similar to those shown in lanes 4 and 7 of Fig. 2A , likely resulted from the sample-trailing effect, since these bands did not appear consistently in every experiment. Bands with irregular activities were often observed in gel sites where enzyme samples were initially applied (Fig. 2) , indicating that a portion of enzyme sample was bound to the gel and remained immobilized during electrofocusing.
(iii) P. fluorescens. Ten strains of P. fluorescens isolated from eight different plants were examined (Table 1) . These strains differed somewhat in their nutritional and physiological properties and have been classified and grouped into biovar II (five strains) or biovar V (five strains) of P.
fluiorescens (18) . All 10 strains produced, in addition to the alkaline PL (pl, 9.7), a neutral PL with a pl of 6.7. The production of neutral PLs by strains PJ-08-30, HU-08-11B, CY091, and BC-05-lB is shown in Fig. 3A (lanes 5 and 10) and Fig. 3B (lanes 1 and 6) . The neutral PL produced by strains 17816, SJ-08-2, SJ-08-3, BC-05-2B, LC-04-2A, AJ-06-2A is hardly identified in Fig. 3A (lanes 2 to 4 and lanes 7 to 9, respectively), but it has been detected in other gels (data not shown). When decreasing amounts of enzyme samples were analyzed by IEF, neutral PL was hardly detected in samples containing <0.25 U of PL activity (Fig.  3B, lanes 4 and 8) . Alkaline PL thus constituted the major proportion whereas neutral PL constituted the minor proportion of the total PL produced by P. fluorescens strains.
(iv) C. johnsonae and X. campestris. One strain each of C. johnsonae and X. canmpestris was examined. Both organisms produced a single PL with a p1 of -10.0. Neutral or acidic isozymes were not detected, even when samples containing 2.4 U of PL activity were applied (Fig. 4, lanes 1 and 5) . Purified PL samples were subsequently examined for purity, M,., and pl by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Fig. 5) and thin-layer polyacrylamide gel IEF (Fig. 6) . PLs produced by two strains of P. fluorescens and one strain of P. viridiflava were purified almost to homogeneity by the two-step procedures described above (Fig. 5, lanes 5 to 7; Fig. 6, lanes 2 to 4) . However, PL samples prepared from E. (hrysanthemi EC16 (Fig. 5, lanes 4, Fig. 6 , lane 5), X. campestris CJ091 (Fig. 5, lane 3; Fig. 6 , lane 6), and C. johlsolace PF062 (Fig. 5, lane 2; Fig. 6 R . flioescenis. X. cainpestris, and C. joIhnzsonlae strains that were examined produced one or two PLs, whereas all of the Erwt inia strains-that were studied here and elsewhere (2, 27. 29, 34, 36) produced three or more. Erwt inia spp. as a whole differ in their pathological capacity from non-Er-winiia soft rot bacteria, in that the former attack plants both in the field and in storage (26) and the latter usually cause spoilage of detached plant products after harvest (16-18. 20) . The simple pectic enzyme system detected in non-Er-winiai soft rot bacteria may account, at least in part, for the low efficiency of these microorganisms to attack actively growing plants. Davis et al. (5) have reported that PLs purified from cultures of E. carotovora are capable of eliciting phytoalexin accumulation in plants. They proposed that soft rot pathogens must produce large quantities or multiple forms of PL to overcome the host defense mechanism triggered by pectic enzymes or other elicitors. The correlation between the low PL activity and the inability to infect field plants, as observed in non-Erwi-ii soft rot bacteria, seems to provide indirect evidence supporting the above hypothesis. Moreover. it is worth noting that the postharvest pathogen X. caimpestris CJ091 examined in this study produced a single PL. This organism is indistinguishable from the black rot pathogen X. (cimpestris pv. camnpestris in terms of its physiological and nutritional properties (17) . In contrast to the single PL detected in strain CJ091, the field pathogen X. camnpestris pv. campestris has been shown to produce at least three PL isozymes (6) .
Two lines of evidence suggest that PL isozymes of E.
chlrysintheini may play a role in the recognition of host plants. Ried and Collmer (29) (1, 33) have reported that alkaline PL constitutes 40 to 60% of total PLs produced by E. chrvsaIlltIlenhi EC16 and that alkaline PL is more efficient in inducing tissue maceration. electrolyte loss, and cell death than are neutral or acidic PLs. Acidic PLs produced by certain strains ofE. chrysantlhemi (1. 11, 12. 30, 33) and species of Yer-sinii( (3. 21) and Klebsiellai (3) usually exhibit very little or no macerating ability. The biochemical basis for the fact that alkaline PLs are more effective in inducing tissue maceration than are neutral or acidic PLs is not known but warrants further investigation.
Because of their simple pectic enzyme systems, nonErtwinia soft rot bacteria could provide useful sources for the preparation of pure PLs. In this study. PLs produced by representative strains of P. viridfflai'a, P. fluorescens, X. clampestris. and C. jo/hn sontie were purified or partially purified following two simple steps: ammonium sulfate precipitation and anion-exchange chromatography. Purified or partially purified PL preparations differed in pls. Mr.s, and tissue-macerating abilities. The enzymological basis on which one PL is more efficient in inducing maceration of potato slices than another is not understood. Preliminary results of a study of enzyme kinetics have indicated that PLs produced by the aforementioned organisms degrade polygalacturonates by the endo mode of action but exhibit some- Hicks, and C. H. Liao, unpublished data). It remains to be determined whether the difference in enzymological properties detected in vitro can be correlated with the difference in their ability to digest the pectic components of various plant cell walls.
Previous studies of PLs from a limited number of strains of P. fluiorescens (7, 9, 10, 23, 37) , P. viridiflav'a (10, 15) , X.
ccampestris (17, 24) , and C. johnsoniae (13, 16, 
